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The invention pertains to medical technology, specifically to methods and devices for 
treatment of diseases of the eye. 

Accommodation disorders are a frequent complaint of young working-age persons, 
whose occupation is associated with prolonged visual stress. These disorders appear most often 
in operators of image converter devices, assemblers in the watch and electronics industry, pilots, 
vehicle drivers, etc. 

A method is known for treating accommodation disorders, especially farsightedness, by 
electrical stimulation of the ciliary muscle, according to which exposure occurs through an 
electrode implanted in the eye near the ciliary muscle (1). However, this method requires 
surgical intervention, as a result of which it is traumatic. Moreover, the implanted stimulation 
system does not provide full comfort to the patient, since the electrode is situated in the eye and 
is connected to the stimulator, positioned outside of the eye, through a current-conducting wire, 
which hampers movement of the eye. 

A system is known for preventing or treating open-angle glaucoma and senile 
farsightedness, containing a pulse generator connected to an electrode (1). A shortcoming of this 
device is that it does not permit creation of a uniform non-traumatic effect on the ciliary 
musculature, and also does not ensure monitoring of the condition of the electrode, which can 
lead to ineffective exposure. 

An electrode device is known, containing a dielectric housing in the form of a spherical 
zone, on whose inside surface two contact elements (2) are situated. The drawback of this device 
is that the electric field created by the contact elements does not enclose the ciliary muscle 
uniformly enough for the aforementioned reasons, which reduces the effectiveness and treatment 
time, and also passes through neighboring structures of the eye and can cause undesired changes 
in them. 

The objective of the invention is to reduce trauma and the periods for performing the 
procedure by increasing localization and uniformity of exposure, and also accomplishing 
differential monitoring of the state of the electrodes. 

This objective is achieved in that, in the method for exposing the ciliary muscle, which 
consists of creating a pulsed electric field passing through the ciliary muscle, a toroidal electric 
field is created coaxially with the ciliary muscle. 
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The electric field can be created by annular sequential positioning of sign-variable poles. 
Correction of the shape of the electric field can be accomplished by positioning current- 
conducting plates between the poles. 

The electric field can be created by coaxially positioned poles of opposite sign and can 
create a focusing field between poles. 

The electric field can be created by an electrically conducting medium. The electric field 
can be created in that the vectors of a piecewise linear approximation are positioned at acute 
angles to the tangent of the generatrix of the ciliary musculature. 

This objective is also achieved in that the electrical stimulator for treatment of 
accommodation disorders, containing a pulse generator and two electrodes, additionally contains 
electrodes, a splitter connected between the electrical stimulator and electrodes and a monitoring 
unit of the state of the electrodes connected between the splitter and the electrical stimulator. 

The splitter can be designed in the form of a group of resistors that are connected to the 
current-conducting lines. 

The unit for monitoring the state of the electrodes can be designed in the form of two 
channels connected to a multiplexer, whose inputs are connected between the resistors of the 
divider and the electrodes, each of the channels containing a series-connected dividing 
transformer, filter and trigger circuit. 

The unit for monitoring the state of the electrodes can also be designed in the form of a 
series-connected amplifier unit, whose outputs are connected between the resistors of the splitter 
and the electrodes, multiplexer, analog-digital converter (ADC) and a galvanic decoupling unit, 
the synchronizing output of which is connected to the second inputs of the ADC and multiplexer. 
The pulse generator can contain a series-connected digital-analog converter (DAC) and an output 
cascade, microcomputer, interface, which is connected to the inputs of the DAC, control panel, 
imaging unit and second input of the output cascade. 

The unit for monitoring the state of the electrodes can also be designed in the form of 
band filters, whose outputs are connected through the windings of dividing transformers to the 
inputs of an adder, whose output is connected to the trigger circuit, in which the input windings 
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of the dividing transformers are connected through capacitors and directly between the resistors 
of the splitter and the electrodes. 

This objective is also achieved in that, in the electrode device, containing a dielectric 
housing in the form of a spherical zone, on whose inside surface contact elements are situated, 
the contact elements are arranged so that more than two planes can be passed through them, 
relative to which they are positioned in mirror-image fashion. 

The electrode device can contain four contact elements arranged in series, every other 
one of which is connected to the current-conducting lines. 

In the electrode device, current-conducting elements can be situated between the contact 
elements connected to the current-conducting lines. 

The contact elements in the electrode device can be connected to the current-conducting 
lines through resistors. 

The boundaries of the contact elements in the electrode device on the axial side of the 
housing, connected to different current-conducting lines, can be situated at unequal spacings 
from the axis of the housing. The contact elements can be situated coaxially. The contact 
elements can be formed as a ring. Additional contact elements can be positioned between the 
contact elements, every other one of which is connected to different contact elements. One 
contact element can even be designed undulating. The contact elements can be made parallel 
and undulating. 

The electrode device can contain a transparent cover installed in the central part of the 
housing. 

Analysis of the differences of the claimed technical solutions relative to the prior art, with 
other solutions from all areas of science and engineering, did not reveal technical solutions that 
coincide with them in terms of design and properties, which permits the conclusion that it 
corresponds to the criterion of the invention "significant differences". 

The essence of the invention is explained with drawings. 
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Fig. 1 shows the distribution of electric field in a four-electrode scheme; Fig. 2 shows the 
distribution of electric field when current-conducting plates are positioned between poles; Fig. 3 
shows the distribution of electric field with coaxial arrangement of the poles; Fig. 4 shows the 
distribution of electric field during creation of an additional focusing field; Fig. 5 shows a 
structural diagram of the device for treating accommodation disorders; Fig. 6 shows a functional 
diagram of the splitter and the unit for monitoring the state of the electrodes; Fig. 7 shows a 
functional diagram of the splitter and the unit for monitoring the state of the electrodes, which 
ensures the possibility of rheographic studies; Fig. 8 shows a functional diagram of a pulse 
generator; Fig. 9 shows a functional diagram of the splitter and unit for monitoring the state of 
the electrodes when sinusoidal probing pulses are used; Fig. 10 shows the design of the electrode 
device, seen from the top and in cross section along A- A; Fig. 1 1 shows the electrode device 
with annular contact elements, seen from below and in cross section; Fig. 12 shows the device 
with additional contact elements; Fig. 13 shows the device with one undulating contact element; 
Fig. 14 shows the device with two parallel undulating elements. 

The method of exposing the ciliary musculature is accomplished as follows. 

Before applying the electrodes to the eye, anesthetizing premedication is carried out, for 
example, with a 0.5% dicaine solution. The electrodes are positioned symmetrically relative to 
the optical axis of the eye, which is also the axis for the ciliary musculature. 

In forming a toroidal electric field with annular, series positioning of sign-variable poles 
1, 2, the electrodes are positioned according to Fig. 1. Poles 1 or 2 of the same sign with this 
positioning are diametrically opposite, which rules out passage of the electric field through the 
center, in which the lens and anterior chamber of the eye are located. The electric current from 
poles 1 to poles 2 mostly passes along a peripheral line, on which the electrodes are located. 
When the current passes through the eye, a toroidal electric field is formed that most effectively 
exposes the ciliary muscle, since exposure is localized mostly to adjust the region where the 
latter is located. 

For correction of the depth of penetration of the electric field between poles 1, 2, current- 
conducting plates 3 are positioned (see Fig. 2), the electrical conductivity of which is much 
greater than that of the eye tissues, which promotes passage of part of the current through them, 
which promotes a reduction in depth of penetration of the field and its localization in the ciliary 
muscle. 
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The toroidal electric field can also be created by coaxially positioned poles 4, 5 (see Fig. 
3), which are situated coaxially with the axis of the eye. This position fully rules out passage of 
current through the lens and anterior chamber of the eye. To control the depth of penetration of 
the electric field into the eye between poles 4, 5, poles 6, 7 are situated (see Fig. 4), by means of 
which an equipotential focusing field is formed, the highest effectiveness of which appears 
during exposure through an electrically conducting medium situated between the electrodes and 
the eye, where the focusing field eliminates passage of the electric stimulation current through 
the electrically-conducting medium. Exposure of the eye through the electrically-conducting 
medium improves contact of the electrodes with the tissue and stabilizes the transitional 
resistance of the electrode-tissue, and also rules out mechanical damage to the surface of the eye 
by the electrodes. To achieve a more uniform exposure of longitudinal and transverse fibers of 
the ciliary muscle, the electric field is created so that the vectors of the piecewise linear 
approximation would be situated at acute angles to the tangent of the generatrix of the 
musculature. This can be accomplished by situating poles 1, 2 of different sign at a different 
distance from the axis of the eye, in which case the current does not pass along the fibers of the 
muscles and the uniformity of exposure of the longitudinal and transverse fibers of the ciliary 
muscle is increased. 

Example 1. Patient N. 29 years old. A reduction in visual acuity of the left eye to 0.4, as 
a result of myopia at 1.0 diopter, was found. Four electrodes were positioned on the sclera 
around the cornea, the opposite electrodes being connected to poles of the same sign. The 
electrodes were positioned in the projection of the ciliary muscle. By smoothly increasing the 
amplitude of the stimulating pulses, the appearance of "jolts" beneath the electrodes in the 
patient was achieved. It should be pointed out here that the current amplitude of the pulses with 
identical sensations of the patient in the four-electrode exposure was 0.7 (0.5-7.0 mA) of the 
current amplitude during two-electrode exposure. This indicates an increase in localization of 
the stimulating electric field in the muscle. Ten sessions were performed, the time of the first 
session being set at 3 minutes and the subsequent ones at 5 minutes. Visual acuity after 
treatment rose by a factor of 2 and amounted to 0.8. The accommodation volume increased from 
6.0 diopters to 8 diopters. During a control examination after 6 months, the data were the same 
as after treatment. During performance of stimulation, the presence of the stimulating electric 
field on the cornea was monitored by additional electrodes of the measurement amplifier. The 
electric field was not detected in the center of the cornea, and, on the edge, the amplitude of the 
signal was 0.2-0.3 of the voltage amplitude on the stimulating electrodes. During two-electrode 
stimulating in the center, the signal was equal to 0.5 and on the edge to 0.8 of the voltage 
amplitude on the stimulating electrodes. 
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Example 2. Patient A. 20 years old. He wore glasses from age 3 for farsightedness of 
6.0 diopters and recently noted a sharp reduction in visual acuity in both eyes in near and far 
vision. 1 5 sessions of stimulation were conducted with coaxially positioned electrodes. As a 
result, the visual acuity of both eyes in far vision rose from 0.09 to 0.6 without correction and in 
near vision from 0.1 to 0.4. 

In comparison with two-electrode exposure, the amplitude is 0.55. An electric field, at a 
level of 0.1 of the voltage amplitude of the stimuli, was not detected on the cornea. 

The electrical stimulator of the ciliary muscle for treatment of accommodation disorders 
contains (Fig. 5) pulse generator 8, electrodes 9, splitter 10, connected between generator 8 and 
electrodes 9, and also unit 1 1 for monitoring the state of the electrodes, connected between the 
splitter 10 and generator 8. The generator contains (Fig. 6) microcomputer 12, connected to 
imaging unit 13, control panel 14 and output cascade 15, directly and through digital-analog 
converter 16 (DAC). An information line from unit 1 1 also goes to the input-output ports of the 
microcomputer 12 and current-conducting lines 17, 18 are connected to the output cascade 15. 
The splitter 10 (Fig. 7, Fig. 8) contains groups of resistors 20, connected between the current- 
conducting lines 17, 18 and electrodes 9. The unit for monitoring the state of the electrodes (Fig. 
7), which ensures only monitoring of contact of the electrodes 9 with the eye tissues, contains 
channels, consisting of dividers 21, filters 22 and trigger circuits 23, whose outputs are 
connected to the inputs of multiplexer 24. To ensure the possibility of conducting rheographic 
measurements, unit 1 1 can be designed in the form of a series-connected unit 25 of amplifiers, 
multiplexer 26, analog-digital converter 27 (ADC) and galvanic decoupling unit 28 (Fig. 8). 
During performance of measurements of the state of the electrodes 9 on sinusoidal currents, unit 
1 1 can contain (Fig. 9) band filters 30, which are connected to the input of the trigger circuit 23 
through transformer windings 2 1 and adder 3 1 . 

The electrode device (Fig. 10) contains dielectric housing 32 with contact elements 33 on 
the inside surface, every other one of which is connected to the current-conducting lines 17, 18. 
Current-conducting elements 34 can be arranged around the periphery between the contact 
elements. The contact elements 33 can be connected to current-conducting lines 17, 18 through 
resistors 20. The contact elements 33 can be made of stainless steel and the housing 32 of 
polystyrene, in which it contains a transparent cover 35 that ensures retention of moisture on the 
cornea and visual control during positioning of the electrode. Elements 33 can be attached flush 
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with the surface of housing 32. Resistors 20 can be situated on housing 29 and the electrode 
device is then connected directly to the current-conducting lines 18, 17. 

The electrode device (Fig. 11) contains an internal contact element 36 and an external 
contact element 37, which are situated on the inside surface of the dielectric housing 38, made in 
the form of a spherical zone. The contact elements 36, 37 (Fig. 12) can be connected to the 
additional contact elements 39, which are situated between elements 36, 37. The contact 
elements 36, 37 can be made (Figures 13 and 14) undulating. Housing 32, 38 is closed with 
cover 35, 40, which rules out drying up of the cornea. 

The device operates as follows. 

Housing 32, 38 is positioned on the sclera of the eye, coaxial with the pupil, in which 
case, based on the anatomical structure of the eye, coaxial positioning of elements 33, 36, 37 
relative to the ciliary muscle is achieved. A pulse current, ensuring electrical stimulation of the 
ciliary muscle, is supplied to elements 33, 36, 37. Analysis of the electric field distribution in the 
tissues of the eye permits evaluation of its effect on different structures of the eye. 

Additional contact elements 39 or making one or two elements 36, 37 undulating permits 
creation of an electric field in the muscle, whose direction will have different angles relative to 
generatrix "a", which permits more uniform exposure of the transverse and longitudinal fibers of 
the ciliary muscle. 

Considering the condition of equality of the areas during bipolar exposure, the areas of 
elements 36, 37 must be chosen equal. This can be achieved by making elements 36, 37 the 
same width, but element 36 can be made undulating (Fig. 13). During distribution of the electric 
field for coaxial positioning of the annular elements 35, 37 in one plane, the electric field in this 
case is symmetric relative to the annular generatrix drawn at equal distance from elements 36, 37 
on the sclera of the eye. Owing to the fact that the diameter of the ring formed by element 36 (I) 
is less than the diameter of the ring formed by element 37 (L), the electric field relative to the 
generatrix will not be symmetrical, but will be "flattened" around element 36 and "widened" 
around element 37. Thus, the electric field in the zone of element 36 will depart somewhat from 
the axis of the eye, which reduces the amount of current passing through lens (X) and anterior 
chamber of the eye (K), in which the percentage of current passing through the ciliary muscle 
(M) will be significant and uniform, since elements 36, 37 are situated above the ciliary muscle. 
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Analysis of the aforestated permits the conclusion that the distinguishing features of the 
proposal exhibit different properties, namely: creation of an asymmetrical electric field relative 
to the known solutions. After engagement of the power supply of the device, the microcomputer 
12 is set in the "zero" state, in which the stimulating pulses are not formed. After the power 
supply is engaged with control panel 14, the formation mode of the microcomputer 12 assigns 
the parameters of stimulation, namely: 

duration of the burst and the pause; 
duration of stimulation; 

discrete value of increase in stimuli during determination of the threshold stimulation 
amplitude. 

After assignment of the stimulation parameters and during subsequent operation of the 
device, microcomputer 12, through DAC 16 and output cascade 15, forms bursts of bipolar 
pulses with a filling frequency, for example, of 15 to 40 kHz, with a duration of, for example, 1 
to 5 ms and a repetition frequency equal to the stimulation frequency and according to the time 
position situated between the stimulating pulses. 

If the electrodes 9 are applied to the eye of the patient and contact in the electrode circuit 
9 is not disrupted, then bursts of bipolar pulses are formed on the secondary windings of 
transformers 21, the amplitude of which is proportional to the interelectrode resistance, bursts of 
bipolar pulses are formed by filters 22 and are fed to the trigger circuits 23. When contact of the 
electrodes 9 with the tissues of the eye is disrupted, the interelectrode resistance increases, which 
leads to an increase in voltage at the output of filters 22 and tripping of the trigger circuit 23. 
The transformers 21 are connected to different groups of electrodes 9, which permits control of 
the resistance in the circuit of individual electrodes 9. This is achieved by query through the 
multiplexer 24 of the state of the trigger circuits 23. The signals from multiplexer 24 go to 
microcomputer 12, which carries out their logic processing and forms a signal to unit 13, where 
the state of the electrodes 9 is displayed. Until proper contact of all electrodes 9 is achieved, 
microcomputer 12 does not give permission to establish the amplitude of the stimulating pulses. 

In the presence of contact in the circuit of all electrodes 9, microcomputer 12 forms, 
through unit 13, a signal to permit an increase in amplitude of the stimuli from the previously 
selected discrete value. An increase in amplitude can occur discretely when the keyboard is 
pressed on control panel 14 or automatically with a preselected rate to "manual" stopping of the 
increase in amplitude. When the required threshold amplitude value of the stimuli is reached, 
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which is chosen according to the sensations of the patients, a signal is issued from the control 
panel concerning the beginning of the procedure. In the interval between two adjacent bursts of 
stimuli, monitoring of the state of the electrodes 9 is carried out, and when disruptions develop 
during performance of the procedure, stopping of formation of stimuli occurs, a reduction in their 
amplitude to zero and a signal to interrupt contact of the electrodes is fed to unit 13. During 
complete processing of the duration of the procedure, a signal is issued to unit 13 to perform the 
assigned program and formation of the stimuli ceases. Regulation of the amplitude and 
formation of the stimuli and formation of transmission of control radio pulses is carried out by 
means of conversion of a code from microcomputer 12 to an analog signal at the output of DAC 
16, which is fed to the output cascade 15, where it is amplified and, on arrival of a second pulse 
signal from the output of microcomputer 12, formation of control, the radio impulses and the 
stimulating impulses is carried out. The signal concerning the amplitude of the stimulating 
pulses is fed to unit 13, where it is displayed. 

Operation of the device, ensuring the possibility of rheographic measurements, is carried 
out as follows. In addition to the previously described assignment of the parameters, the 
amplitude of the probing current is assigned, which is established by a code arriving in the DAC 
16 before formation of the radio pulse. The signals from electrodes 9 are fed to unit 25, at the 
outputs of which voltages are obtained, whose amplitudes are proportional to the voltage 
between all possible pairs of electrodes 9. By means of multiplexer 26, sequential "query" of the 
outputs of unit 25 is carried out by the amplifiers, with subsequent conversion to a digital signal 
of their output voltages and introduction of the codes to microcomputer 12 through galvanic 
decoupling unit 28. In microcomputer 12, based on the amplitude values of the probing current 
and the voltages between electrodes 9, the interelectrode resistances Pel are calculated. Based 
on the values of P E l, disruptions of contact in the electrode circuit 9 are detected and a signal for 
unit 13 is formed concerning their condition. The signals on the values Pel are also fed to unit 
13, where the information on disruption of contact of electrode 9 is displayed, along with the 
interelectrode resistances, which permits rheographic measurement. Different transformations of 
the Pel values can be conducted in microcomputer 12: isolation of the constant and variable 
components, derivatives, etc., which permits automation of the rheographic studies. 

Performance of monitoring of the state of electrodes 9 on sinusoidal current can be 
accomplished by supplying, from the output of microcomputer 12 to transformers 21, probing 
pulses separated in time through the band filters 30 (Fig. 9). The adder 31 adds the signals from 
all channels of splitter 10 and during a surpassing of even one of the signals at the output of the 
trigger circuit 23 of the assigned voltage level (corresponding to the presence of a disruption in 
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state of electrodes 9), a signal is formed at its output, for example, a logic "1" which is sent to 
the microcomputer 12. 

A microcircuit, for example, K1816BE49, can be used as microcomputer 12 in the device 
and the additional logic can be based on microcircuits of the 155 series. 

Thus, the proposed method and device permits, during treatment of accommodation 
disorders by the electrical stimulation method, a reduction in trauma and periods for performing 
the procedure, and also permits rheographic information to be obtained, which is used, based on 
known methods, to evaluate the state of the ciliary muscle. 

The results of clinical use of the proposed device showed that a significant, up to 30% 
reduction in total time of the procedure occurs, during which the stable effect of treatment was 
observed. This is particularly valuable during mass treatment in early stages of the disease, 
which permits a significant reduction in the number of nearsighted persons, in which case 
organization of treatment in the early stage of the disease in children of school age will reduce 
the number of nearsighted persons among secondary school graduates (which, according to 
modern data, is estimated at about 45%) and permit expansion of their professional suitability. 

Claims 

1. Method for formation of stimuli for electrical stimulation of the ciliary muscle, 
consisting of creating a pulse electric field passing through the ciliary muscle, characterized by 
the fact that the pulse electric field has the form of a toroidal field coaxial to the ciliary 
musculature. 

2. Method according to Claim 1, characterized by the fact that the pulsed electric field is 
created by annular sequential positioning of poles of variable size. 

3. Method according to Claim 2, characterized by the fact that correction of the shape of 
the electric field is accomplished by positioning current-conducting plates between poles. 

4. Method according to Claim 1, characterized by the fact that the pulsed electric field is 
created by coaxial positioning of sign-variable poles. 

5. Method according to Claim 4, characterized by the fact that a focusing electric field is 
created between sign-variable poles. 
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6. Method according to Claims 1-5, characterized by the fact that stimulation of the 
ciliary muscle is accomplished through an electrically-conducting medium. 

7. Method according to Claims 1-6, characterized by the fact that the sign-variable poles 
are situated at different distance from the axis of the eye. 

8. Electrical stimulator of the ciliary muscle for treatment of accommodation disorders, 
containing a pulse generator with two outputs for connection of the electrode device, 
characterized by the fact that one of the outputs of the pulse generator is connected to the 
electrode device through an incorporated splitter, and a unit for monitoring the state of the 
electrodes is also incorporated, whose input is connected to the output of the splitter, and with 
two-way communication with the pulse generator. 

9. Electrical stimulator according to Claim 8, characterized by the fact that the splitter is 
made in the form of a group of resistors, whose outputs are the input and output of the splitter, 
respectively. 

10. Electrical stimulator according to Claim 8, characterized by the fact that the unit for 
monitoring the state of the electrodes is made in the form of two channels, whose inputs are the 
input of the unit for monitoring the state of the electrodes, in which each of the channels contains 
a series-connected dividing transformer, filter and trigger element, and also a multiplexer, some 
inputs of which are connected to the outputs of the trigger element, and the other inputs and 
outputs are the two-way communication of the unit. 

11. Electrical stimulator according to Claim 8, characterized by the fact that the unit for 
monitoring the state of the electrodes is designed in the form of series-connected amplifier units, 
whose inputs are the input of the unit for monitoring the state of the electrodes, a multiplexer, 
analog-digital converter, galvanic decoupling unit, synchronizing outputs of which are connected 
to the second inputs of the analog-digital converter and multiplexer, two-way communication of 
the galvanic decoupling unit is two-way communication of the unit for monitoring the state of 
the electrodes. 

12. Electrical stimulator according to Claim 8, characterized by the fact that the unit for 
monitoring the state of the electrodes contains band filters, whose outputs are connected through 
the output windings of the dividing transformers to the inputs of an adder, whose output is 
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connected to the input of the trigger element, in which the input windings of the dividing 
transformers are the input of the unit for monitoring the state of the electrodes, while the outputs 
of the band filters and the output of the trigger element are the two-way communication of the 
unit for monitoring the state of the electrodes. 

13. Electrical stimulator according to Claim 8, characterized by the fact that the pulse 
generator contains a series-connected digital-analog converter and output unit, microcomputer, 
the input-output ports of which are connected to the inputs of the digital-analog converter, 
control panel, display unit and the second input of the output unit, whose outputs are the output 
of the pulse generator, and two-way communication of the microcomputer is two-way 
communication of the pulse generator. 

14. Electrode device, containing a dielectric housing with an internal surface in the form 
of a spherical zone, on which two contact elements are fastened, characterized by the fact that it 
is additionally equipped with two contact elements positioned between the main elements, every 
other contact element being connected to different current-conducting lines. 

15. Electrode device according to Claim 14, characterized by the fact that current- 
conducting elements are additionally installed between the contact elements on the inside surface 
of the housing. 

16. Electrode device according to Claims 14 and 15, characterized by the fact that the 
contact elements are connected to the current-conducting lines through resistors. 

17. Electrode device according to Claims 14-16, characterized by the fact that pairs of 
contact elements, situated diametrically, are installed at different distances from the axis of the 
housing. 
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Figure 3 
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(71) 3anBMTerib: 

TycbKOB AneKcaHAP PobepTOBMH, 
BacuribeB AneKcaHAP MBaHOBMH, 
Okobmtob Bmktop BacmibeBMH, 
KanMTaHOB EBreHMM HMKonaeBMH 

(72) M3o6peTaTerib: TycbKOB AneKcaHAP PoBepTOBMH, 
BacuribeB AneKcaHAP MBaHOBMH, Okobmtob 
Bmktop BacMJibeBMH, KanMTaHOB EBreHMM 
HMKonaeBMH 

(73) naTeHTOo6naAaTenb: 

TycbKOB AneKcaHAP Po6epTOBMH, 
BacMJibeB AneKcaHAP HBaHOBMH , 
Okobmtob Bmktop BacMJibeBMH, 
KanMTaHOB EBreHMM HMKoriaeBMM 



(54) CnOCOB <POPMI4POBAHI/1fl B03flEMCTBM^ AH*! 3JlEKTPOCTMMyrai_lMM MMJ1MAPHOM MblWUbl, 
3JlEKTPOCTHMyJl^TOP l_|l/l JII/1APHOI4 MblLUI_lbl flJlfl JIEHEHM^ HAPYLUEHU^ AKKO M Ofl Al_| l/l 14 1/1 
SJlEKTPOflHOE YCTPOMCTBO 

(57) PecpepaT: 

H3o6peTeHne othoci/itch k mbahljhhckoCi 
tgxhi/ikg, a MMeHHO k JieMeHMto 3a6oneBaHMM 
opraHa 3peHnn, b nacTHOc™, npi/i HapyiueHi/mx 
aKKOMOflauMH. Uexib M3o6peTeHi/m - CHM^eHne 
BpeAHoro AePicTBMfi Ha OKpy>KafOLni/ie TKaHM w 
cpokob neneHMfl. ComacHO M3o6peTeHMfo 
npoBOfl^T aneKTpuHecKoe B03AewcTBwe noneM 
ToponAaribHOM cjDopMbi coocho c i^nnnapHOM 
MycKynaTypoCi. YcTpowcTBO coAep>Ki/iT 
reHepaTop, pa3BeTBWTenb, aneKTpoAbi w 6jiok 
KOHTporm cocTOflHMfi aneKTpoAOB. 3rieKTpoAbi 
BbinonHeHbi b bmas Kopnyca, Ha BHyTpeHHew 
noBepxHOCTH KOToporo pacnonoKeHbi 
KOHTaKTHbie aneMeHTbi, coeAMHeHHbie nepe3 

OAMH C TOKOnOABOAflLU,HMH LUHHaMI/l, TaioKe 

KOHTaKTHbie sneivieHTbi MoryT 6biTb 
pacnono>KeHbi KoaKcuaribHO. 3 c. m 14 3. n. 
cjD-Jibi, 14 nn. 
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(54) METHOD OF FORMING ACTION FOR ELECTRIC STIMULATION OF CILIARY MUSCLE, CILIARY MUSCLE 
ELECTRIC STIMULATOR FOR CURING BREAKAGE OF ACCOMMODATION AND ELECTRON UNIT 

(57) Abstract: 

FIELD: medical equipment; ophthalmology. 
SUBSTANCE: electric influence is carried out 
due to torus-shaped field in alignment with 
ciliary muscles. device has generator, 
decoupler, electrodes and unit for 
inspecting condition of electrodes. 
Electrodes are made in form of a case, onto 
internal surface of which the contact 
members are disposed. The members are 
connected with current-supply wires. Contact 
members may be disposed in align. EFFECT: 
reduced hazardous effect onto surrounding 
tissues; reduced time for cure. 14 dwg 
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M3o6peTeHne othocmtch k Meflni4MHCKOM 
TexHMKe, a MMeHHO k cnoco6aM \a ycTpoficTBaM 
Ann JieneHna 3a6oneBaHMM opraHOB 3peHMfl. 

HapyujeHUfl aKKOMOAauMM ABnaioTCfl nacTbiM 
3a6oneBaHneM b MonoAOM Han6onee 
Tpyflocnoco6HOM B03pacTe y nui^, pofl 
flenTeribHOCTH KOTopbix CBn3aH c A^HTeribHbiM 
Hanpa>KeHneM 3peHnn. Hawoanee nacTO stm 
HapyujeHMfi nponBn^fOTCfl y onepaTopoB 

3JieKTpOHHOOT06pa>KaK)LAMX yCTpOMCTB, 
c6opL14MKOB HaCOBOM H SneKTpOHHOM 

npOMblLUJieHHOCTH, JieTHUKOB, BOflMTefieW 

aBTOTpaHcnopTa n AP- 

MsBecTeH cnocoo~ neneHMfl HapyweHMfl 

aKKOMOAai^MH, B HaCTHOCTM Aa-nbH030pKOCTM, 

nyTeM npoBefleHMfi 3neKTpocTMMynflu,MM 
i4HJinapHoi?i MbiLuu,bi, cornacHO KOTopoMy 
B03AeMCTBne ocyLAecTBJi^KJT nepe3 sneKTpoA, 
MMnjiaHTupoBaHHbi^ b ma 3 B6nn3M i^nrinapHOki 
MbiLUUbi (1). OflHaKO flaHHbiPi cnocoo" TpeoyeT 
onepaTHBHoro BMeLuaTeribCTBa, BcneflCTBue 
Hero nsnnercn TpaBMaTUHHbiM. Kpoivie Toro, 
MMnnaHTupoBaHHafl CTMMynflUMOHHa* CMdeMa 
He AaeT nonHoro KOMqbopTa nanneHTy, TaK KaK 
aneKTpoA pacnono>KeH b ma3y n CBS3aH co 
CTHMynjRTopoM, pacnonoweHHOM BHe ma3a, 
nepe3 TOKonoflBOAflmuM npoBOfl, hto 
3aTpyAH^eT abm^ghms ma3a. 

M3BecTHa cudeMa atia npeAOTBpameHMfl 
mjih neneHMfl OTKpbiTO-yronbHOM" mayKOMbi m 
CTapnecKOM AanbHosopKOCTM, coAep>KaLnafl 
reHepaTop MMnynbcoB, coeAMHeH hum c 
aneKTpoAOM (1). HeAOCTaTKOM A^HHoro 
ycTpowcTBa nBnnercn to, hto oho He no3BormeT 
co3AaTb paBHOMepHoe aTpaMMaTMHHoe 
BO3AeM0TBne Ha UMnMapHyio MycKynaTypy, a 
TaioKe He oSecneHMBaeT KOHTponn 3a 
cocTonHMeM aneKTpoAa, hto mokbt npuBOAHTb k 

He3C|3qbeKTMBHOMy B03A©MCTBHfO. 

M3BecTHO aneKTpoAHoe ycTpoMCTBO, 
coAep>KaLi4ee AnoneKTpuHecKMM Kopnyc b BMAe 
LuapoBoro nosca, Ha BHyTpeHHeM noBepxHOCTM 
KOToporo pacnono>KeHbi Asa KOHTaKTHbix 
sneMeHTa (2). H e aoct a t ko m AaHHoro 
ycTpoCicTBa fiBJifieTCfi to, hto aneKTpuHecKoe 
none, co3AaBaeMoe nocpeACTBOM KOHTaKTHbix 
aneivieHTOB, cornacHO yKa3aHHbiM Bbinie 
npuHUHaivi oxBaTbiBaeT i^nnnapHyto Mbinii^y 

HeAOCTaTOHHO paBHOMepHO, HTO CHM>KaeT 

aqbqbeKTHBHOCTb n cpoKM neneHMfl, a TaioKe 
npoxoAUT nepe3 coceAHne CTpyKTypbi ma3a v\ 
MoxeT Bbi3BaTb b hux h e>Ken a Ten bHbie 

M3MeHeHMfl. 

LJenb M3o6peTeHH?i cHH>KeHMe 
TpaBMaTMHHOCTM n cpoKOB npoBeAeHMfi 
npoi^eAypbi nyTeM noBbnueHun noKanM3au.nn m 

paBHOMepHOCTM B03AePlCTBMfl, a TaioKe 

ocyLAecTBneHne AHc|Dc|DepeHi4nanbHoro KOhrrponn 
coctoahma aneKTpoAOB. 

nocTaBneHHaa Ljenb AOCTMraeTca TeM, hto b 
cnoco6e qbopMMpoBaHMfl B03AeMCTBnn Ha 
i4nnnapHyK) Mbiujuy, saKxifOHafomeMCfl b 
co3AaHMM HivinynbCHoro sneKTpMHecKoro nona, 
npoxoA?iu4ero nepe3 L\nnnapHyK3 MbiLui^y, 
co3Aa>OT TopoHAaribHoe 3neKTpnnecKoe none, 

COOCHOe C l4MnnapHOM Mbll_UL49M. 

ripn stom oneKTpMHecKoe none MoryT 
co3AaBaTb nocpeACTBOM KonbLieBoro, 
nocneAOBaTenbHoro pacnonoweHMfl 
3HaKonepeMeHHbix nonfocoB. I~lpn 3tom MoryT 
OCyLU,eCTBnflTb KoppeKTMpoBKy c£opMbi 
sneKTpMHecKoro nona, pacnonarasR Me>KAy 
nonHDcaMM TOKonpoBOA^i^ne nnacTMHbi. 

I~lpn stom GneKTpMHecKoe none MoryT 
co3AaBaTb nocpeACTBOM KoaKcwanbHO 
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pacnono>KeHHbix 3HaKonpoTHBonono>KHbix 
nonfocoB h MoryT co3AaBaTb Mex<Ay nonfocaMM 
qboKycM pyKDLU.ee none. 

I~lpn stom 3neKTpnnecKne nona MoryT 
co3AaBaTb nepe3 sn e kt ponpoBOA^ my fo cpeAy. 
I~lpn stom sneKTpi/iHecKoe none MoryT co3AaBaTb 

T3K, HTO BeKTOpbl KyCOHHO-nHHeMHOM 

annpoKCMMai4MH pacnono>KeHbi noA ocTpbiMM 
yrnaMH k KacaTenbHow oSpasyKDU^ew i^MnnapHOM 
MycKynaTypbi. 

riocTaBneHHajR uenb AOCTuraeTcn TaioKe TeM, 
hto sneKTpocTHMynflTop ati^ neneHM^ 
HapyLueHMfi aKKOMOAai4HM, coAep>Kau4MM 
reHepaTop MMnynbcoB m Asa sneKTpoAa, 
AononHMTenbHO coAep>KMT sneKTpoAbi, 
pa3BeTBMTenb, BKnioHeHHbiCi Me>KAy 

sneKTpocTMMyn^TopoM i/i sneKTpoAaMM, m 6noK 

KOHTponfl COCTOHHHfl SneKTpOAOB, BKnJOHeHHbIM 

Me>KAy pa3BeTBHTeneM m 

aneKTpocTMMynflTopoM. 

npH 3TOM pa3BeTBMTenb MO>KBT 6blTb 

BbinonHeH b BMAe rpynn pe3HCTopoB, KOTopbie 

nOAKTIKDHeHbl K TOKOnOABOAHLmi/IM LUMHaM. 

npH 3TOM 6nOK KOHTponfl COCTOflHMfl 

sneKTpoAOB MO>KeT 6biTb BbinonHeH b BMAe AByx 
KaHanoB, coeAMHeHHbix c MynbTMnneKcopoM, 

BXOAbl KOTOpblX nOAKTHDHeHbl Me>KAy 

pe3MCTopaMM pa3AenMTenfl m sneKTpoAaMM, 
npMHeM Ka>KAbiM M3 KaHanoB coAep>KMT 
nocneAOBaTenbHO coeAMHeHHbie 
pa3AenMTenbHbiM TpaHcqbopMaTop, cjDMnbTp m 
noporoByfo cxeMy. 

flpM 3TOM 6nOK KOHTponfl COCTOflHMJl 

sneKTpoAOB MoxeT 6biTb TaK >Ke BbinonHeH b 
BMAe nocneAOBaTenbHO coeAMHeHHbix 6noKa 
ycMnMTeneM 3 BxoAbi KOTopbix noAKmoneHbi 
Me>KAy pe3 m cto pa m m pa3BeTBHTena m 
sneKTpoAaMM, MynbTMnneKcopa, 
aHanoro-L4MqbpoBoro npeo6pa30BaTena (AL4n) m 
SnoKa ranbBaHMHecKOM pa3BA3KM, 
CMHxpoHM3MpyKJU4MM BbixoA KOToporo coeAMHeH 
BTopbiMM BxoAaMM AL4I~I m MyribTMnneKcopa. 

npM stom reHepaTop MMnynbcoB MoxeT 
coAep>KaTb nocneAOBaTenbHO-coeAMHeHHbie 
i_|MqbpoaHanoroBbiM npeo6pa30BaTenb (LJAn) m 
BbixoAHOM KacKaA, MMKpo-3BM ; MHTepq^ePic 
kotopom coeAMHeH c BxoAaMM l_4An, nynbTa 
ynpaBneHMfl, 6noKa OTo6pa>KeHMfl m BTopbiM 
bxoaom BbixoAHoro KacKaAa. 

l~lpM 3TOM 6nOK KOHTponfl COCTOflHMfl 

sneKTpoAOB MOKeT 6biTb TaioKe BbinonHeH b 

BMAe nonOCOBblX CjDMnbTpOB, BblXOAbl KOTOpblX 

nepe3 o^motkm pa3AenMTenbHbix 

TpaHcqbopMaTopoB coeAMHeH bi BxoAaMM 
cyMMaTopa, BbixoA KOToporo coeAMHeH c 
noporoBOM cxeMOM, npMHeM BXOAHbie o6motkm 
pa3AenMTenbHbix TpaHccjDopMaTopoB nepe3 
KOHAeHcaTopbi m HenocpeACTBeHHO noAKmoneHbi 
Me>KAy pe3 m cto pa m m pa3BeTBMTenn m 
sneKTpoAaMM. 

nocTaBneHHajq u,enb AOCTMraeTC^ TaK >Ke 
TeM, HTO b sneKTpoAHOM yCTpOMCTBe, 
coAe p>Ka ii^e m AMsneKTpMHecKMM Kopnyc b BMAe 
LuapoBoro nonca, Ha BHyTpeHHeM noBepxHOCTM 
KOToporo pacnono>KeHbi KOHTaKTHbie sneMeHTbi, 
KOHTaKTHbie sneMeHTbi pacnonoxeHbi TaK, hto 
nepe3 hmx mo>kho npoBecTM 6onee AByx 
nnocKOCTePi, OTHOCMTenbHO KOTopbix ohm 
pacnonarawTCfl 3epKanbHO. 

l~lpM 3TOM 3neKTpOAHOe yCTpOMCTBO MO>KeT 

coAep>KaTb neTbipe nocneAOBaTenbHO 
pacnono>KeHHbix KOHTaKTHbix sneMeHTa, 
KOTopbie nepe3 oamh coeAMHeH bi c 

TOKOnOABOA^LL^MMM LUMHaMM. 

flpM 3TOM B SneKTpOAHOM yCTpOMCTBe MoryT 
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ObiTb Me>KAy KOHTaKTHbiMn GneMeHTaMU, 

COeAHHeHHblMM C TOKOnOflBOflflLUMMM LUMHaMM, 

pacnono>KeHbi TOKonpoBOAflLiiMe aneivieHTbi. 

l~lpH 3TOM B GJieKTpOflHOM yCTpOMCTBe 

KOHTaKTHbie aneMeHTbi MoryT 6biTb coeflUHeHbi c 
TOKonoABOAflLUMMH LUMHaMM nepe3 pe3MCTOpbl. 

l~lpM 3TOM B 3fieKTpOAHOM yCTpOMCTBG 

rpaHMU,bi KOHTaKTHbix aneivieHTOB co CTopoHbi 
ocm Kopnyca, coeAHHeHHbie c pa3HbiMH 

TOKOnpOBOAALAHMH LUMHaMM, MOr/T 6blTb 

pacnono>KeHbi Ha HepaBHOM paccTO^HMM ot ocm 
Kopnyca. l~lpM gtom KOHTaKTHbie sneMeHTbi MoryT 
6biTb pacnano>KeHbi KoaKCManbHO. npn gtom 
KOHTaKTHbie aneMeHTbi MoryT 6~biTb BbinoriHeHbi 

B BMfle KOJiei^. l~lpM 3TOM Me>KAy KOHTaKTHbiMM 

sneMGHTaMM iwioryT SbiTb pacnono>KeHbi 
AonojiHMTeribHbie KOHTaKTHbie sneMeHTbi, 
KOTopbie nepe3 oamh noAKmoneHbi k pa3JiMHHbiM 

KOHTaKTHbIM GJieiVieHTaM . llpM 3TOM XOTfl 6bl 
OAMH KOHTaKTHbIM STieMeHT MO>KeT 6blTb 
BbinOJIHeH BOJlH006pa3HblM. npH GTOM 

KOHTaKTHbie aneMeHTbi MoryT 6biTb BbinoriHeHbi 
napannenbHbiMn m BonHoo6pa3HbiMM. 

l~lpM 3TOM SJieKTpOAHOe yCTpOMCTBO MOKeT 

coAep>KaTb npo3paHHyio KpbiLUKy, 

ycTaHOBneHHyfo b i^eHTpanbHOM nacTH Kopnyca. 

AHailM3 OTJIMMMM 3aflBJ1?ieMblX TeXHMHeCKMX 

penieHMM OTHOCMTejibHO npoTOTMnoB, c ApyrMMM 
peiueHMSMM no BceM o6\nacT?iM HayKM n TexHMKM 
He BbiflBMn TexHMHecKMX peiueHMM, 
coBnaAaHDLAMX c humm no BbinonHeHMho v\ 

CBOMCTBaM, HTO n03BOflfleT CAeJiaTb BblBOA o 

cooTBeTCTBMM npeAnoweHMM KpMTepMKD 
M3o6peTeHMfl "cyiAecTBeHHbie OTnHHwa". 

CymHOCTb M3o6peTeHMM noacHfleTCfl 
MepTe>KaMH. 

Ha c|DMr. 1 npMBeAeHO pacnpeAeneHMe 
aneKTpMHecKoro nona npM 4-orieKTpoAHOM cxeMe 
Hano>KeHMiR; Ha cjDnr. 2 pacnpeAeneHMe 
oneKTpMHecKoro nona npM pacnonoxeHMM 
Me>KAY noniocaMM TOKonpoBOAfliUMX nnacTMH; Ha 
cjonr. 3 pacnpeAeneHMe 3-neKTpMHecKoro nona 
npM KoaKCMaribHOM pacnono>KeHMM noniocoB; Ha 
dpwr. 4 - pacnpeAeneHMe GneKTpMHecKoro nona 
npM co3AaHMM AononHMTenbHoro 

cf)OKycMpyioLuero nonn; Ha cfiMr. 5 ct py KTy p h afi 
cxeMa ycTpoPicTBa Ana neneHMfl HapyiueHMM 
aKKOMOAau,MM| Ha cfwr. 6 qoyHKU^OHanbHaa 
cxeMa pa3BeTBMTen?i m 6\noKa KOHTpona 
cocTOHHMfl aneKTpoAOB; Ha o>Mr. 7 
ct)yHKi_i,MOHanbHafl cxeMa pa3BeTBMTenfl m oriona 
KOHTpona coctoahma sneKTpoAOB c 
oGecneneHMeM bo3mo>khoctm peorpacjDMHecKMX 
MccneAOBaHMM; Ha 0mt. 8 cfyHKU.MOHanbHafl 
cxeMa reHepaTopa MMnynbcoB; Ha cpMr. 9 
a>yHKi4MOHanbHa3 cxeMa pa3BeTBMTens m onoKa 

KOHTponfl COCTOflHMfl STieKTpOAOB npM 
MCnonb30BaHMM CMHyCOMAanbHblX 30HAMpytOLL^MX 

MMnynbcoB; Ha cJdmt. 10 KOHorpyKLiMfl 
BbinonHeHMfl sneKTpoAHoro ycTpoMCTBa, bma 
CBepxy m pa3pe3 no A-A; Ha dpv\r. 1 1 - 
aneKTpoAHoe ycTpoMCTBO c Konbu,eBbiMM 
KOHTaKTHbiMM 3-neMeHTaMM, bma CHM3y m pa3pe3; 
Ha cpMr. 12 ycTpoMCTBO c AononHMTenbHbiMM 

KOHTaKTHbiMM STieMeHTaMM; Ha 0MT. 13 
yCTpOMCTBO c oahmm BonHoo6pa3HbiM 
KOHTaKTHbIM aneMeHTOM; Ha CjDMT. 14 

ycTpoMCTBO c AByMfi napannenbHbiMM 
BonHoo6pa3HbiMM aneMeHTaMM. 

CnOCOO" CjDOpMMpOBaHMfl B03AeMCTBMfl Ha 

UMnMapHyio MycKynaTypy ocyiAecTBn^eTCfl 
cneAywDU^MM o6pa30M. 

nepeA HanoxeHMeM sneKTpoAOB Ha rna3 
npoBOA^T ero aHecTesMpyiomyio 
npeMeAMKai^Mio, HanpMMep, 0,5% pacTBopa 
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AMKaMHa. SneKTpoAbi pacnonaraHDT 

CMMMeTpMHHO OTHOCMTenbHO OnTMHeCKOM OCM 

rna3a, KOTopaa nBnnercn m ocbio p,nn 
i^MnMapHOM MycKynaTypbi. 

l~lpM 0>opMMpoBaHMM TopoMAanbHoro 
3-neKTpMHecKoro nonfi nocpeACTBOM Konbi^eBoro, 
nocneAOBaTenbHO pacnono>KeHMa 
3HaKonepeMeHHbix nonracoB 1 , 2 aneKTpoAbi 
pacnonaraioT cornacHO cpMr. 1 . OAHOMMeHHbie 
nonioca 1 MnM 2 npM TaKOM pacnono>KeHMM 
HaxoAflTcn AnaMeTpanbHO npoTMBonono>KHO, 
hto MCKnionaeT npoxo>KAeHMe aneKTpMHecKoro 
TOKa nepe3 L^eHTp, b kotopom pacnonaraeTca 
xpycTanMK m nepeAHflfl KaMepa rna3a. 
OneKTpMHecKMM tok ot noniocoB 1 k noniocaM 2 

npOXOAMT B OCHOBHOM no nMHMM OKpy>KHOCTM, Ha 

kotopom pacnonoxeHbi aneiapoflbi. l~lpM TaKOM 
npoxo>KAeHMM TOKa b rna3e cjDopMMpyeTCfi 
TopoMAanbHoe aneKTpMHecKoe none, KOTopoe 
HaM6onee GqbcjDeKTMBHO ocyLnecTBnfieT 
B03AeMCTBMe Ha L4MnnapHyho MbiniL^y, TaK K3K 
B03AeMCTBMe noKanM3yeTC?i b ochobhom TonbKO 
b o6nacTH pacnono>KeHM5q nocneAHew. 

flna KoppeKTMpoBKM rny6MHbi 
npoHMKHOBeHMfi 3neKTpMHecKoro nona Me>KAy 
noniocaMM 1 ; 2 pacnonaraioT TOKonpoBOA^mMe 
nnacTMHbi 3 (cm. dpwr. 2), sneKTpon poBOAHOCTb 
KOTopbix 3HaHMTenbHO 6onbLue TKaHePi rna3a, 
hto cnoco6cTByeT npoxo>KAeHMio nacTM TOKa 
nepe3 hmx, hto cnoco6cTByeT yMeHbiueHMio 
my^MHbi npoHMKHOBeHMfl nona m ero 
noKann3au.nn b i4nnnapHOM MbiLUL4e. 

TopoMAanbHoe sneKTpMHecKoe none mokgt 
6biTb co3AaHO m nocpeACTBOM KoaKCManbHO 
pacnonoKeHHbix noniocoB 4, 5 (cm. c>Mr. 3), 
KOTopbie pacnonaraioT coocho c ocbK) rna3a. 
TaKoe pacnono>KeHMe nonHocTbio MCKnionaeT 
npoxo>KAeHMe TOKa nepe3 xpycTanMK m 
nepeAHHDK) KaMepy rna3a. flna perynMpoBKM 
rny6MHbi npoHMKHOBeHMfl oneKTpMHecKoro non^ 
b rna3 Me>KAY noniocaMM 4, 5 pacnonaraioT 
nonioca 6 ; 7 (cm. cjDMr. 4), nocpeACTBOM 
KOTopbix qbopMMpyioT 3KBMnoTeHU,ManbHoe 
cjDOKycMpyioLLLee none, HaM6onbiuaa 
acjDqoeKTMBHOCTb KOToporo npo^Bn^eTcs npM 

C|30pMMpOBaHMM B03AeMCTBMfl Hepe3 

3-neKTponpoBOAflLuyio cpeAy, pacnono>KeHHyio 
Me>KAy aneKTpoAaMM m rna30M, rAe 
c|DOKycMpyioLL\ee none yorpaHfleT n poxo>KAe h m e 
aneKTpMHecKoro CTMMynnuMOHHoro TOKa nepe3 
aneKTponpoBOA^LAyio cpeAy. Bo3AeMCTBMe Ha 
rna3 nepe3 aneKTponpoBOA^Lnyio cpeAy 
no3BonaeT ynyHUJMTb KOHTaKT aneKTpoAOB c 
TKaHbio m CTa6MnM3MpoBaTb nepexoAHoe 
conpoTMBneHMe sn e kt po a-t Ka h b , a TaioKe 
MCKnioHaeT MexaHMHecKMe noBpe>KAeHMfi 
3-neKTpoAaMM noBepxHOCTM rna3a. Mto6w 
ocyLU,ecTBMTb 6"onee paBHOMepHoe B03AeMCTBMe 
Ha npoAonbHbie m nonepeHHbie BonoKHa 
i4MnMapHOM MbiLuu,bi aneKTpMHecKoe none 

C03AaiOT TaK, HTO BeKTOpbl KyCOHHO-nMHeMHOM 

annpoKCMMauMM 6binM 6bi pacnono>KeHbi noA 
ocTpbiMM yrnaMM k KacaTenbHOM o6pa3ytoLL^eM 
MycxynaTypbi. 3to bo3mo>kho ocyLi^ecTBMTb, 
pacnonaran pa3HOMMeHHbie nonioca 1, 2 Ha 
pa3HOM paccTo^HMM ot ocm ma3a, npM stom tok 
He npoxoAMT BAonb BonoKOH Mbiiuu, m 

nOBblLUaeTCfl paBHOMepHOCTb B03AeMCTBMfl Ha 

npoAonbHbie m nonepeHHbie BonoKHa 

!4MnMapHOM MblLUU.bl. 

npMMep 1. BonbHOM H. 29 neT. Bbino 
Bbi^BneHO noHM>KeHMe oorpoTbi 3peHMa neBoro 
rna3a ao 0,4 BcneACTBMe MMonMM b 1,0 A nT P 
Ha CKnepy BOKpyr poroBMi^bi pa3MeiAann neTbipe 
aneKTpoAa, npnneM npoTMBonono>KHbie 
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OJieKTpOAbl 6blJlH nOflKTIfOHeHbl K OAHOMMeHHblM 

noniocaM. 3ne«TpoAbi pacnonarann b npoexuMH 
i^nnnapHOM Mbnui^bi. rinaBHO yBenuiHUBafl 
aMnnnTyAy CTHMynnpyioLi^MX MMnynbcoB, 
floGnBariMCb noflBneHMfl y conbHoro o[i\y[i\e\-\\An 
"tojimkob" no,q aneKipoflawn. I~lpn stom 
Heo6xoflMMO OTMGTHTb, hto ais/innnTyAa TOKa 
MMnyribcoB npn OAHHaKOBbix OLnyineHHflx 
6onbHoro npn HeTbipexaneKTpoAHOM 

B03AeMCTBMH cocTaBuna 0,7 (0,5 7,0 mA) ot 
aMnriMTyAbi TOKa npn AByxaneKTpoAHOM 
B03AeMCTBMH. 3to cbh A©Ten bCTByeT o 

noBbiLueHMM noKariM3ai4HM CTHMynnpyioLL^ero 
aneKTpuHecKoro nona b Mbiu_me. npoBeAeHO 10 
ceaHCOB, npn«-ieM Bpeivm nepBoro ceaHca 
ycTaHOBMna 3 mhh. nocneAyiomi/ix 5 muh. 
OcTpoTa 3peHna nocne neHeHns B03pocna b 2 
pa3a n cocTaBuna 0,8. 06"-beM aKKOMOAai^nn 
yBenuMMJicfl c 6,0 Amp ao 8 Amp. I~lpn 
KOHTporibHOM ocMOTpe nepe3 6 MecaueB 
AaHHbie Te >Ke, hto m nocne neneHHfl. I~lpn 
npoBeAeHMH CTWViynfli4i/in npoBOAwnw KOHTporib 
HanwHUfl CTHMynnpyioLuero aneKTpMHecKoro 
nojifi Ha poroBMi^e nocpeACTBOM 
AonoriHUTenbHbix sneicrpoAOB n 

M3MepnTenbHoro ycnnnTen?i. B LjeHTpe 
poroBMi^bi sneKTpMHecKoro nona He 
o6Hapy>KeHO, a Ha Kpaio aivinnwTyAa CMmana 
cocTaBuna 0,2 0,3 ot aMnnmyAbi HanpnxeHun 
Ha CTMMyjinpyfOLAHX aneKTpoAax. npn 
AByxaneKTpoAHOM CTMMynflL^nw b LjeHTpe cwrHan 
6bin paBeH ao 0,5, a Ha Kpaio flo 0,8 ot 
aMnriMTyAbi Hanpfl>KeHHfl Ha CTW\/iyn?muioHHbix 
aneKTpoAax. 

npniviep 2. BoribHOM A. 20 neT. C 
TpexneTHero B03pacTa hocmt ohkh no noBOAy 
AaribHosopKOCTM b 6,0 flnTp. B nocneAHee 
Bpeivin 3aivieTnri pe3Koe noHM>KeHMe ocTpoTbi 
3peHMfl Ha o6a masa BAarib h b6jim3m. Bbirio 
npoBeAeHO 15 ceaHCOB CTHMynsrunn 
nocpeACTBOM KoaKcuaribHO pacnonoxeHHbix 
aneKTpoAOB. B pe3yribTaTe ocTpoTa 3peHi/ia 
o6omx rna3 BAarib c 0,09 bo3 poena flo 0,6 6e3 
KoppeKL^nn n B6nM3M c 0,1 ao 0,4. 

B cpaBHeHMM c AByxaneKTpoAHbiM 
B03AeMCTBnewi aMnni/iTyAa cocTaBi/ina 0,55. 
OneKTpMHecKoro nona no ypoBHK) 0,1 ot 
aivinnnTyAbi HanpaweHi/m CTMMynoB Ha poroBHLLe 
He 6bino o6Hapy>KeHO. 

SneKTpOCTHMynflTOp UMJIMapHOM MblUJLJbl 

Ana neneHHfl HapyiueHMM aKKOMOAai4nn 
coAep>KHT (cjDnr. 5) reHepaTop 8 nivinynbcoB, 
aneKTpoAbi 9, pa3BeTBHTenb 10, BKnfOHeHHbiki 
Me>KAy reHepaTopoM 8 n aneKTpoAaMM 9, a 
TaioKe 6noK 1 1 KOHTpona cocTOflHua 
aneKTpoAOB, BKniOHeHHbM Me>KAy 

pa3BeTBHTeneM 10 n reHepaTopoM 8. TeHepaTop 
coAep>KHT (dpwv. 6) MHKpo-3BM 12, 
coeAHHeHHyro c 6noKOM 13 OTo6pa>KeHM5R, 
nynbTOM 14 ynpaBneHHH m BbixoAHbiM KacKaAOM 
15 HenocpeACTBeHHO v\ nepe3 

UncjDpoaHanoroBbm npeo6pa30BaTenb 16 (UAn). 
Ha nopTbi BBOAa-BbiBOAa Mi/iKpo-3BM 12 
nocTynaeT TaioKe MHcjDopMai^noHHa^ u_iMHa c 
6\noKa 11, a k BbixoAHOMy KacKaAy 1 5 
noAKnroneHbi TOKonoABOAflLU,ne LUMHbi 17, 18. 
Pa3BeTBMTenb 10 (cj^nr. 7, c|DMr. 8) coAep>KMT 
rpynnbi pe3HCTopoB 20, noAKnioHeHHbie Me>KAy 

TOKOnOABOA^LAMMH LUMHaMM 17, 18 \A 

aneKTpoAaMM 9. EnoK KOHTpons cocto?ihm51 
sneKTpoAOB (cjDnr. 7), oSecneHMBafOLAUM TonbKO 

KOHTponb KOHTaKTa GneKTpOAOB 9 C TKaHflMH 

rna3a, coAep>KHT KaHanbi, cocTO^LHne H3 
pa3AennTeneti 21, 0nnbTpoB 22 n noporoBbix 
cxeM 23, BbixoAbi KOTopbix coeAHHeHbi c 
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BXOAaMM MynbTunneKcopa 24. MTo6bi 
o6ecneHMTb BOSMOKHOCTb npoBeAeHna 
peorpacjDMHecKnx H3iviepeHHM, 6noK 11 MO>KeT 
6biTb BbinonHeH b BMAe nocneAOBaTenbHO 
coeAHHeHHbix 6\noKa 25 ycunnTeneti, 
iwiynbTMnneKcopa 26, aHanoro-i^kicjopoBoro 
npeoGpa30BaTena 27 (AL^n) \a 6noKa 28 
ranbBaHMHecKOM pa3B?i3KM (c|3nr. 8). flpi/i 
npoBeAeHnn M3MepeHHM cocTO^HMfl sneicrpoAOB 
9 Ha cnHyconAanbHOM TOKe 6noK 1 1 MO>KeT 
coAep>KaTb (cjDnr. 9) nonocoBbie qbunbTpbi 30, 
KOTopbie nepe3 oSmotkm TpaHccjDopiviaTopoB 21 n 
cyMMaTop 31 coeAMHeHbi c bxoaom noporoBOM 
cxeMbi 23. 

3neKTpoAHoe ycTpoMCTBO (cf)nr. 10) 
coAep>KHT AnaJieKTpuHecKMCi Kopnyc 32 c 
KOHTaKTHbiMM sneivieHTaMM 33 Ha BHyTpeHHefi 
noBepxHOCTH, KOTopbie nepe3 oahh coeAMHeHbi 
c TOKonoABOA^i^HMH LUHHaMU 17, 18. Me>KAy 
KOHTaKTHbiMn oneivieHTaMM no OKpy>KHOCTM MoryT 
pacnonaraTbc^ TOKonpoBOA^LAne sneivieHTbi 34. 
KoHTaKTHbie aneiwieHTbi 33 MoryT coeAMH^TbC^ c 
TOKonoABOA^LUHMM LUHHaMU 17, 18 nepe3 
pe3MCTopbi 20. KoHTaKTHbie GneMeHTbi 33 MoryT 
6biTb BbinonHeHbi H3 Hep>KaBeK3Li^ePi CTann, a 
Kopnyc 32 M3 nonMCTupona, npn gtom oh 
coAep>KMT npo3paMHyio KpbiLUKy 35, 
oSecnennBafOLAyto coxpaHeHne Bnarn Ha 
poroBHi^e n BH3yanbHbiM KOHTporib npn 
ycTaHOBKe aneicrpoAa. OneivieHTbi 33 MoryT 6biTb 
npuKpenneHbi BpoBeHb c noBepxHOCTbfo Kopnyca 
32. Pe3HCTopbi 20 MoryT 6biTb pacnonoweHbi Ha 
Kopnyce 29 w TorAa 3neKTpoAHoe ycTpoMCTBO 
coeAHHfieTC?i Hen ocpeACT Be h h o c 

TOKOnOABOASLAMMM LUMHaMM 18, 17. 

3neKTpoAHoe ycTpoMCTBO (cjonr. 11) 
coAep>KMT BHyTpeHHUM KOHTaKTHbifi sneivieHT 36 
v\ BHeniHuCi KOHTaKTHbifi sneivieHT 37, KOTopbie 
pacnono>KeHbi Ha BHyTpeHHeM noBepxHOCTM 
AnsneKTpMHecKoro Kopnyca 38, BbinonHeHHoro b 
Bi/iAe LuapoBoro noaca. KoHTaKTHbie sneivieHTbi 
36, 37 (cjDnr. 12) MoryT GbiTb coeAHHeHbi c 
AononHMTenbHbiMM KOHTaKTHbiMM sneivieHTaiviM 
39, KOTopbie pacnono>KeHbi Mex<Ay sneMeHTaiwn 
36, 37. npMMeM KoHTaKTHbie aneivieHTbi 36, 37 
MoryT GbiTb BbinonHeHbi (cf)nr. 13, cjDnr. 14) 
BonHOo6pa3HbiMH. Kopnyc 32, 38 3aKpbiT 
KpbiLUKoPi 35, 40, MCKmonaioLAeM BbicbixaHMe 
poroBni^bi. 

YcTpoMCTBO pa6oTaeT crieAyroLAMM o6pa30M. 

Kopnyc 32, 38 ycTaHaBnuBaeTca Ha CKnepy 
rna3a coocho co 3paHKOM, npM gtom, hcxoaa M3 
aHaTOMnnecKoro CTpoeHM^ rna3a, AocwaeTCfl 
coocHoe pacnonoxeHne aneMeHTOB 33, 36, 37 
L^nnnapHbiM Mbiuji^aM. Ha aneiweHTbi 33, 36, 37 
noAaioT HMnynbCHbiPi tok, o6ecneHHBatoLAnPi 
aneKTpocTMMynsi^MK) i^nnnapHbix MbiLui^. AHann3 
pacnpeAeneHna sneKTpuHecKoro nona b TKaH^x 
rna3a no3Bon^eT oi^eHHTb ero B03AePicTBne Ha 
pa3nMHHbie CTpyKrypbi rna3a. 

flononHHTenbHbie KoHTaKTHbie aneivieHTbi 39 
Mnn BbinonHeHW^ OAHoro, nnn AByx oneiweHTOB 
36, 37 BonHOo6pa3HbiMM no3BonaeT co3AaTb 
aneKTpuHecKoe none b Mbiuji^e, HanpaBneHne 
KOToporo 6yAeT nivieTb pasnnHHbie yiribi 
OTHOGMTenbHO o6pa3yK3LL^ei?i "a", hto no3BonneT 
npon3BecTH 6onee paBHOMepHoe B03AeMCTBne 
Ha nonepeHHbie m npoAoribHbie BorioKHa 
i4nnwapHOM MbiLiii4bi. 

YHMTbiBa^ ycnoBue paBeHCTBa nnomaAeM 
npn 6nnonflpHOM B03AeMCTBi/in, Heo6xoAMMO 
nnoLi^aAM aneivieHTOB 36, 37 Bbi6npaTb 
paBHbiMM. 3to MO>KeT 6biTb AOCTumyTO 
BbinonHeHneM aneivieHTOB 36, 37 OAHHaKOBOM 
LLmpi/iHbi, ho anewieHT 36 mo>kho BbinonHHTb 
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BoriHMCTbiM (qbi/ir. 13). I~lpn pacnpeAeneHi/in 
3JieKTpwHecKoro nons Ana coocHoro 
pacnonoweHi/ia KonbLjeBbix GneMeHTOB 35, 37 b 
oflHOki nnocKOCTH aneKTpHHecKoe none b 
flaHHOM cnynae nBnnercn CHMMeTpi/iHHbiM 
OTHOCMTeribHO KonbL^eBoCi o6pa3y\c\i\e\A, 
npoBefleHHOM Ha paBHOM paccTOAHUM ot 
aneivieHTOB 36, 37 Ha cicnepe ma3a. B cuny 
Toro, hto AMaivieTp KOJibu.a, o6pa30BaHHoro 
sneivieHTOM 36 (I), MeHbiue A^aMeTpa Konbi^a, 
o6pa30BaHHoro oneivieHTOM 37 (L), 
aneKTpwHecKoe none OTHOCHTenbHO 

oo"pa3yioL4efi He 6yfleT CMMMeTpuHHbiM, a 6yp,ej 
"npunniocHyTbiM" OKono aneiweHTa 36 n 
"pacLunpeHHbiM" OKono aneiweHTa 37. TaKi/iM 
o6pa30M, aneKTpunecKoe none b soHe 3neMeHTa 
36 6yfleT HecKonbKO OTXOAHTb ot ocm rna3a, 
hto CHM3MT Aonio TOKa, npoxoA^Lnero nepe3 
xpycTarinK (X) n nepeAHJoro Kaiviepy rna3a (K), 
npi/i gtom Aonn TOKa, npoxoAfli-Uero nepe3 
Li^nnapHyK) MbiLimy (M) 6yAeT 3HanwTenbH0M n 
paBHOMepHOM, TaK KaK aneMeHTbi 36, 37 
pacnonarahOT nap, LjmiwapHoPi Mbiiuuefi. 

AHann3 BbiLuen3no>KeHHoro no3BonaeT 
CAenaTb BbiBOA, hto OTnunnfl npeAnoweHna 
npoflBn?iK3T MHbie CBoficTBa, a MMeHHo: 
co3AaHne HecuMMeTpMHHoro aneKTpuHecKoro 
nonn, HeM b H3BecTHbix peiueHkiflx. riocne 
BKnfoneHMfl nuTaHna ycTpoficTBa mmkpo-3BM 12 
ycTaHaBnuBaeTca b "HyneBoe" cocTOAHwe, npn 
kotopom CTHMynnpyKDU^ne MMnynbCbi He 
cjDopMnpyfOTCfl. riocne BKnfoneHi/m nMTaHMfl 
nocpeACTBOM nynbTa 14 3aAaeTca pe>KWM 
cf)opMMpoBaHM3 MMKpo-3BM 12 napawieTpoB 
CTMMynfli^nn, a MMeHHo: 

AJiMTenbHOCTb naHKM m nay3bi; 

npoAon>KHTenbHOCTM CTMMynfli4i/in; 

AMCKpeTa yBennneHUfi CTMMynoB npn 
onpeAeneHMM noporoBow aivinnnTyAbi 

CTMMyJIfll^HM. 

riocne 3aAaHi/m napaMeTpoB CTMMyn£n,nn n b 
npoL^ecce RanbHeiAmew paooTbi ycTpoficTBa 
MMKpo-3BM 12 nepes L4An 16 v\ BbixoAHOW 
KacKaA 15 QbopMnpyeT naHKM 6nnonflpHbix 
MMnynbcoB c HacTOTofi 3anonHeHi/ifl, Hanpniviep, 
15 40 kV[\, ATiMTenbHOCTbto, Hanpniviep, 1 5 mc h 
HaCTOTOM nOBTOpeHMfl, paBHOM nacTOTe 

CTHMynni^nn, a no BpeivieHHOMy nono>KeHnio 
pacnono>KeHHOMy Me>KAy CTHMynnpyroLi^MMH 
MMnynbcaMH. 

Ecnn aneKTpoAbi 9 HanoxeHbi Ha rna3 
nai^neHTa v\ HeT HapyujeHMfi KOHTaKTa b \\env\ 
sneKTpoAOB 9, to Ha BTOpHHHblX o6MOTKax 
TpaHcqbopMaTopoB 21 qbopMnpyK)TCfi naHKH 
6nnon^pHbix HMnynbcoB, aivinnnTyAa KOTopbix 
nponopi^MOHanbHa MewaneicrpoAHOMy 
conpoTkiBneHura, naHKH 6nnonapHbix HMnynbcoB 
cf)opMnpyiOTCfl nocpeACTBOM qbunbTpoB 22 n 
noAawTCfl Ha noporoBbie cxeMbi 23. I~lpn 
HapyujeHMM KOHTaKTa sneKTpoAOB 9 c TKaHbio 
rnasa Me>KsneKTpoAHoe conpoTUBneHne 
B03pacTaeT, hto npuBOAUT k yBenwHeHnto 
Hanp?i>KeHM?i Ha BbixoAe c£nnbTpoB 22 n 
cpa6aTbiBaHnro noporoBofi cxeMbi 23. 
TpaHccjDopMaTopbi 21 noAKnioneHbi k pa3Hbiiwi 
rpynnaM aneKTpoAQB 9, hto no3BonaeT 
KOHTponnpoBaTb conpoTUBneHne b i^enn 
OTAenbHbix aneKTpoAOB 9. 3to AOCTuraeTca 
nyTeM onpoca nepe3 MynbTunneKcop 24 
cocTOAHMfl noporoBbix cxeM 23. Cumanbi c 
MynbTMnneKcopa 24 nocTynaiOT Ha MMKpo-3BM 
12, KOTopa?i npon3BOAHT nx nornnecKyw 
o6pa6oTKy m qbopivmpyeT cuman Ha 6noK 13, rAe 
OTo6pa>KaeTCJR cocTO^Hne sneKTpoAOB 9. l~loKa 
He 6yAeT AOCTumyTO xopoujero KOHTaKTa Bcex 



aneKTpoAOB 9, MHKpo-3BM 
pa3peLueHMiR Ha ycTaHOBKy 
CTMMynnpyHDLHnx nivinynbcoB. 

npM HanUHMH KOHTaKTa 

3neKTpoAOB 9 MMKpo-3BM 12 
6noK 13 cuman o pa3peujeHMH 
aiwnnnTyAbi CTHMynoB c paHee 
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1 2 He Aa©T 
aivinnMTyAbi 

b i^enw Bcex 
qbopMnpyeT Ha 
yBennneHna 

Bbl6paHHblM 

AMCKpeTOM. YBennHeHne aivinnnTyAbi MO>KeT 
nponcxoAMTb AUCKpeTHO npn Ha>KaTMM KnaBULUM 
Ha nynbTe 14 nnn aBTOMaTunecKM c 3apaHee 

Bbl6paHHblM TeMnOM AO "pyHHOM" OCTaHOBKH 

yBeni/iHeHna aivinnnTyAbi. no AOCTM>KeHnn 
TpeGyeMoro noporoBoro 3HaHeHna aiwnnnTyAbi 
CTMiwynoB, KOTopoe Bbi6"npaeTCfl no omymeHH^M 
nai^neHTa, c nynbTa BbiAaeTC?i curHan o Hanane 
BbinonHeHMfl npoL|eAypbi. B npoMe>KyTKe Me>KAy 
AByMfl coceAHMMM naHKaivin cTMMynoB 

npOH3BOAHTCfl KOHTponb COCTOflHUfl aneKTpoAOB 

9 n npn B03HHKHOBeHnn HapynieHUM b npoi^ecce 
BbinonHeHMfi npoueAypbi nponcxoAMT ocTaHOBKa 
c)DopivinpoBaHM5i CTMMynoB, yMeHbLueHne mx 
aivinnnTyAbi ao Hyna n Ha 6noK 13 noAaeTca 
cuman o HapyLueHnn KOHTaKTa aneKTpoAOB. npn 
nonHOM OTpa6oTKe npoAon>KHTenbHOCTM 
npoi^eAypbi Ha 6noK 13 BbiAaeTca curHan o 
BbinonHeHnn 3aAaHHoCi nporpaMMbi n 
qbopMnpoBaHne B03Ae^cTBMM npeKpau^aeTCFi. 
PerynnpoBKa aivinnMTyAbi m qbopivinpoBaHMe 
CTHMynoB n qbopMnpoBaHne nocbinoK 
KOHTponbHbix paAMOMMnynbcoB npoM3BOAMTca 
nocpeACTBOM npeo6pa30BaHMfl KOAa c 
MMKpo-3BM 12 b aHanoroBOM cuman Ha BbixoAe 
L4AI~I 16, KOTopbiCi noAaeTC?i Ha bnxoahom 
KacKaA 15, rAe ycunnBaeTcs \a npn nocTynneHMM 
BToporo MMnynbCHoro curHana c BbixoAa 
MMKpo-3BM 12 npon3BOAHTCfi qbopMnpoBaHne 
nocbinoK KOHTponbHbix paA^onMnynbcoB m 
CTMMynnpyHDLAMX HMnynbcoB. CurHan 06 
aMnnnTyAe CTHMynnpyHDLi^nx HMnynbcoB 
noAaeTCfl Ha 6noK 13, rAe npon3BOAHTca ero 
OTo6pa>KeHiie. 

Pa6oTa ycTpoCicTBa c ooecneneHneM 
bo3mo>khoctm npoBeAeHM^ peorpaqbunecKnx 
M3MepeHMM npon3BOAHTCfl cneAyfOLUMM 
o6pa3QM. flononHHTenbHO k paHee onucaHHOMy 
pe>KHMy 3aAaHna napaMeTpoB 3aAafOT 
aMnnnTyAy 30HA^pyK)Lu 1 ero TOKa, KOTopbiM 
ycTaHaBnwBaeTCfl koaom, nocTynafomuM Ha L4A[~I 
16 nepeA qbopMnpoBaHMeM paAMOHMnynbca. 
Cumanbi c sneKTpoAOB 9 noAaiOTCfl Ha 6noK 25, 
Ha BbixoAax KOToporo nonynafOTCfl HanpfixeHUfi, 
aMnnnTyAbi KOTopbix nponopi^noHanbHbi 

Hanp?l>KeHHflM Me>KAy BCeMM B03M0>KHblMM 

napaMM aneKTpoAOB 9. nocpeACTBOM 
MynbTMnneKcopa 26 npon3BOAMTC?i 
nocneAOBaTenbHbiM "onpoc" bnxoaob 6noKa 25 
ycunMTenew c nocneAyfoii^nM npeo6pa30BaHneM 
b nwqbpoBOM curHan mx BbixoAHbix HanpflweHkifi 
n BBeAeHneM koaob b MHKpo-3BM 12 nepe3 
6noK 28 ranbBaHMHecKOM pa3BA3KM. B 
MMKpo-3BM 12, ncxoflfi M3 3HaHeHMfi aMnnMTyAbi 
soHAMpyfOLAero TOKa m Hanp^xeHUM Me>KAy 
aneKTpoAaMM 9, paccHMTbiBaeTcn 
MeKaneKTpoAHbie conpoTUBneHna P 3n . Ha 
ocHOBaHnn 3HaneHMM P 3n ocymecTBnfleTCfl 
Bbi^BneHne HapyujeHMM KOHTaKTa b i4enn 
sneKTpoAOB 9 H OHX COCTOflHMM c|DopMMpyeTC?i 
curHan Ha 6noK 13. CurHanbi o BennnnHax 
P 3J1 TaiOKe noAaHDTCfi Ha otiok 13, rAe 
OTo6paxaeTC?i HHQbopMaLjMfl o HapyujeHMfix 
KOHTaKTa aneKTpoAOB 9 m o BennnuHe 
MexaneKTpoAHbix conpoTMBneHMCi, hto 
no3Bon*eT npoBOAHTb peorpaqbunecKne 
M3MepeHMfi. B MMKpo-3BM 12 MoryT 
npon3BOAHTbca pa3nnHHbie npeo6pa30BaHMfl 
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BBJ1HHMH P 3n : BblfleneHMe nOCTOHHHblX m 

nepeivieHHbix cocTaBJinraLnnx, nponsBOflHbix v\ 

T.fl. HTO n03BOJlfieT aBTOMaTM3HpOBaTb 

npoBefleHMe peorpacjDHHecKnx nccneflOBaHMM. 

npOBefleHUe KOHTponfl COCTOflHMfl 

aneKTpoAOB 9 Ha CMHyconflaribHOM TOKe MO>KeT 
ocyLMecTBJiflTbc^ nyTeM noAann c BbixoAa 
MMKpo-3BM 12 Ha TpaHCCpopMaTopbi 21 
pa3fleneHHbix bo BpeMeHU aoHflnpyfOLLjux 
MMnyribcoB nepe3 nonocoBbie cfwnbTpbi 30 (dpv\r. 
9). CyMMaTop 31 ocymecTBnfleT cno>KeHne 
curHanoB co Bcex KaHanoB pasBeTBMTena 10 m 
npn npeBbiLueHnn xota 6bi oahmm M3 cumanoB 
Ha BbixoAe noporoBOM cxeiwbi 23 3aAaHHoro 
ypoBHfl Hanpfl>KeHMfl (cooTBeTCTByioLnero 
HannHUfo HapyujeHna coctoahmh sneicrpoAOB 9) 
Ha ee BbixoAe cpopMnpyeTCfi CMnnan, Hanpmviep, 
norn^ecKOM "1", KOTopbiM nocTynaeT Ha 
MMKpo-3BM 12. 

B KanecTBe MHKpo-3BM 12 b ycTpoficTBe 
MO)KeT 6biTb npi/iMeHeina MMKpocxeivia, Hanpniviep 
K1816BE49, a AonoriHMTeribHafl non/ixa mokbt 
6biTb BbinojmeHa Ha MMKpocxeiviax 155 cepuw. 

TaKMM o6pa30M, npeAnaraeMbiM cnoco6 m 
ycTpoMCTBa no3Bon^fOT npw neneHMM 
HapyiueHMM aKKOMOAai^nH 

3neKTpOCTMMyriflL\MOHHblM nyTeM CHM3MTb 
TpaBMaTMHHOCTb m cpoKH npoBeAeHMH 
npoi^eflypbi, a TaioKe nonyHHTb peorpacjDHMecKyK) 
MHcjDopMai^nK), KOTopyfo Mcnonb3yioT, Ha 
ocHOBaHnn n3BecTHbix MeTOAMK, Arm OU,eHKM 

COCTOflHHfl UMJlMapHOM MblLUI4bl. 

Pe3yribTaTbi KnuHUHecKoro npnivieHeHUfl 
npeAnaraeivioro ycTpoficTBa noKa3ann, hto 
nponcxoAUT 3HaMMTenbHoe, a° 30% 
coKpameHwe cyMMapHoro BpeivieHM npoi^eAyp, 
npn KOTopbix Ha6riHDAancfi ycTOMMUBbiw acjDqbeKT 
ot neneHMH. 3to ocooo i^eHHO npn npoBeAeHnn 
MaccoBoro neneHM* Ha paHHMX CTaAM^x 
3a6oneBaHMfi, hto no3BonMT 3HaHMTenbHo 
CHM3MTb hucjio 6fiM3opyKnx nioAeM, npuneivi 
opraHM3ai4na neneHMH Ha paHHefi CTaAMM 
3a6orieBaHHfl y p,ere\/\ LUKOJibHoro B03pacTa 

COKpaTMT HMCJIO 6flM30pyKMX CpeAH BbinyCKHHKOB 

cpeAHMX lukoji (KOTopbix no COBpeMeHHbIM 
AaHHbiM HacHMTbiBaeTca OKono 45%) m no3BonnT 
paciunpnTb mx npocjDeccMOHaribHyio 

npuroAHOCTb. blblbl2 blblbl4 blblbl6 blblbl8 
blblbHO blblbl12 

cDopwiyna M3o6peTeHH5i: 

1 . CnOCOS CjDOpMMpOBaHM^ B03Ae^CTBMfl Ann 

3neKTpocTi/iMyrmi4Hn i^njinapHOM Mbiiunbi, 
3aKnfOHafOLnnMC5i b co3AaHHM nivinyribCHoro 
aneKTpwHecKoro nonfl, npoxoA^mero nepea 
i^nnnapHyhD MbiLLmy, OTnMHaioLUMMCfl tgm, hto 
MMnyribCHoe 3-neKTpMHecKoe none HMeeT bma 
ToponAaribHoro, coocHoro c i^nnnapHOM 
MycKynaTypoti. 

2. Cnocoo" no n.1, OTJiMHafon^MCfl TeM, hto 
MMnyribCHoe aneKTpMHecKoe none co3AaioT 
nocpeACTBOM Konbi^eBoro nocneAOBaTenbHoro 
pacnojio>Kei-ii/m 3HaKonepeivieHHbix noniocoB. 

3. Cnoco6 no n.2, OTnMHaioLAMMCfl TeM, hto 
ocyLAecTBrmNDT KoppeKTupoBKy CjDOpMbl 
aneKTpunecKoro nous, pacnonaraa Me>KAy 
noniocaMM TOKonpoBOA^Li^ne nnacTMHbi. 

4. Cnocoo" no n.1, OTnMHaK3LHMPicjq TeM, hto 
MMnyribCHoe aneKTpuHecKoe none co3AaK)T 
nocpeACTBOM KoaKcuanbHoro pacnono>KeHna 
3HaKonepeMeHHbix nonfocoB. 

5. CnocoS no n.4, OTnMHafOLUkitfcfl TeM, hto 
Me>KAy 3HaKonepeMeHHbiMM nonfocaMM co3AafOT 
cjDOKycnpyK)Li4ee anejcrpuHecKoe none. 

6. Cnococ" no nn.1-5, OTnnHaK3i_mnMCfl TeM, 
hto B03AeMCTBne Ha L4nnnapHyfo MbiLui4y 
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ocymecTBnflfOT nepe3 oneKTponpoBOA^myK) 
cpeAy. 

7. Gnoco6 no nn.1-6, OTnunaiOLUHMCfl TeM, 
hto pacnonarawT 3HaKonepeMeHHbie nonNDca Ha 
pa3HOM paccTOJiHun ot ocu rna3a. 

8. 3neKTpocTHMynnTop i^nnnapHoPi Mbinmbi 
Ana neneHna HapyiueHna aKKOMOAai^nn, 
coAep>Kami/M reHepaTop HMnynbcoB c AByMa 
BbixoAaMU aha noAKnraneHUfi aneKTpoAHoro 

yCTpOMCTBa, OTnHHafOLL^MCfl TeM, HTO oahh M3 

BbixoAOB reHepaTopa HMnynbcoB coeAHHeH c 
sneKTpoAHbiM ycTpoPicTBOM nepe3 BBeAeHHbiM 
pa3BeTBMTenb, a TaioKe BBeAeH 6noK KOHTponiq 
coctoahmjr aneKTpoAOB, bxoa KOToporo 
coeAHHeH c BbixoAOM pa3BeTBHTena n 
ABycTopoHHePi CB?i3bio c reHepaTopoM 
HMnynbcoB. 

9. 3neKTpocTHMynfiTop no n.8, 
OTnUHafOLI^MMCfl TeM, hto pa3BeTBMTenb 
BbinonHeH b BMAe rpynn pe3HCTopoB, BbiBOAbi 

KOTOpblX ^Bn^fOTC^ COOTBeTCTBeHHO BXOAOM H 

BbixoAOM pa3BeTBHTen5R. 

10. 3neKTpocTHMynflTop no n.8, 

OTnHHaK3LHMMCf1 TeM, HTO CJIOK KOHTpona 
cocto^hma sneKTpoAOB BbinonHeH b BMAe AByx 
KaHanoB, BXOAbi KOTopbix 5\Bnn\orc5\ bxoaom 
6noKa KOHTponjq cocTO^Hna snefcrpoflOB, npuneM 
Ka>KAbiM M3 KaHanoB coAep>KHT 

nocneAOBaTenbHO coeAMHeHHbie 
pa3AennTenbHbiw TpaHccjDopMaTop, cfinnbTp n 
noporoBbiM sneMeHT, a TaioKe MynbTunneKcopa, 
oahm BXOAbi KOToporo coeAHHeHbi c BbixoAaMU 
noporoBbix sneMeHTOB, a APyroCi bxoa h buxoa 

^Bn^JOTCfl AByCTOpOHHeW CBfl3bK) 6nOK3. 

11. 3neKTpocTHMyn?iTop no n.8, 
OTnMHafOLL^MMCfl TeM, hto 6noK KOHTpona 
cocTO^HMfl sneKTpoAOB BbinonHeH b bhas 
nocneAOBaTenbHO coeAHHeHHbix 6noKa 
ycunMTeneii, BXOAbi KOToporo ^Bn^fOTC^ bxoaom 
SnoKa KOHTpona cocto^hua sneKTpoAOB, 
MynbTunneKcopa, aHanoro-unqbpoBoro 
npeo6pa30BaTenfl, 6noKa ranbBaHMHecKOM 

PB3B9\3K\A, CMHXpOHH3MpyHDLL^He BblXOAbl 
KOTOporO COeAMHeHbl C BTOpbIMM BXOAaMM 

aHanoro-i^nqbpoBoro npeo6pa30BaTen^ m 
MynbTunneKcopa, ABycTopoHHflfl CBfl3b 6noKa 
ranbBaH^HecKOM pa3BA3KM ABnaeTca 
ABycTopoHHePi CBA3bK) 6noKa KOHTpona 
COCTOflHMfl sneKTpoAOB. 

12. 3neKTpocTHMynflTop no n.8, 
OTnMHafOLAMMCfl TeM, hto 6noK KOHTpona 
cocTOfiHM5R oneKTpoAOB coAepxnT nonocoBbie 

CjDMnbTpbl, BblXOAbl KOTOpblX Hepe3 BblXOAHbie 

o6motkh pa3AennTenbHbix TpaHccpopMaTopoB 
coeAHHeHbi c bxoa3mh cyMMaTopa, BbixoA 
KOToporo coeAHHeH c bxoaom noporoBoro 
aneMeHTa, npn stom BXOAHbie o6motkm 
pa3AennTenbHbix TpaHccpopMaTopoB ABnnioTCfl 

BXOAOM 6nOKa KOHTponfl COCTOflHMfl sneKTpoAOB, 

a BblXOAbl nonocoBbix cjDnnbTpOB n BbixoA 
noporoBoro aneMeHTa ^Bn?iioTC?i ABycTopoHHefi 

CBfl3blO 6nOKa KOHTpona COCTO^HMfl 3TieKTpOAOB. 

13. 3neKTpocTHMyn?iTop no n.8, 
OTnuHaioLi^nMCfi TeM, hto reHepaTop HMnynbcoB 
coAepxnT nocneAOBaTenbHO coeAMHeHHbie 
L^MqbpoaHanoroBbiM npeo6pa30BaTenb m 
BbixoAHOM 6noK, MMKpo-3BM, nopTbi 
BXOAa-BbixoAa kotopom coeAMHeHbi c BXOAaMM 
i4Mc(DpoaHanoroBoro npeo6pa30BaTenfl, nynbTa 
ynpaBneHMfl, 6noKa OTo6pa>KeHMfl m BTopbiM 
bxoaom BbixoAHoro cnoKa, BbixoAbi KOToporo 
nBr\9i\OTC9i BbixoAOM reHepaTopa MMnynbcoB, a 

AByCTOpOHHflfl CBf13b MMKpO-3BM 9]Bn9\eTC9\ 

ABycTopoHHeM CB^3bio reHepaTopa HMnynbcoB. 

14. 3neKTpoAHoe ycTpoMCTBO, coAep>KaLi4ee 
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flusjisKTpMHecKMM Kopnyc c BHyTpeHHew 
noBepxHOCTbK) b BHfle LuapoBoro noflca, Ha 
KOTopofi 3aKpenneHbi p,Ba KomaKTHbix 
aneMeHTa, OTnwHajoLneecfl TeM, hto oho 
flonoxiHUTeribHO CHaoweHO flByMH KOHTaKTHbiMi/i 
aneivieHTaMM, pasMeu^eHHbiMH Me>Kfly 

OCHOBHblMH , npH 3TOM KOHT3KTHblG 3JieMeHTbl 
COeAHHeHbl C pa3HblMW TOKOnpOBOflflLUMMH 
LUMHaMM Hepe3 OflMH. 

15. 3neKTpoflHoe ycTpoficTBO no n.14, 

OTJIMHaHDLUeeCfl TeM, HTO Me>Kfly KOHTaKTHblMH 

aneivieHTaMM Ha BHyTpeHHefi noBepxHOCTH 



Kopnyca ycTaHOBneHbi AonojiHkiTenbHO 
TOKonpoBOAfli_une anewieHTbi. 

16. 3neKTpoflHoe ycTpoMCTBO no nn.14 n 15, 
OTnuMawLi^eeca tom , hto KOHTaKTHbie sneMeHTbi 
coeAHHeHbi c TOKonpoBOAflLU,i/iMM LUMHaMU nepe3 

pe3MCTOpbl. 

17. OneKTpoflHoe ycTpoPicTBO no nn.14-16, 
OTnuHafomeeca TeM, hto napbi KOHTaKTHbix 
aneivieHTOB, pacnono>KeHHbix AHaivieTpanbHO, 
ycTaHOBneHbi Ha pa3Hbix paccTonHMflx ot ocm 
Kopnyca. 
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